Introduction {#S0001}
============

Extrapulmonary high grade neuroendocrine carcinomas (HGNECs) are rare but very aggressive tumors that can be found throughout the body, however, they are usually located in the gastrointestinal (GI) and genitourinary tracts.[@CIT0001] HGNEC is different from poorly differentiated carcinoma with neuroendocrine features, which is not a true HGNEC but an aggressive variant of adenocarcinoma or squamous cell carcinoma that should be managed as such. Since most HGNECs are diagnosed at advanced stage, staging is performed using the standard techniques of endoscopic ultrasound, computed tomography (CT) and positron emission tomography (PET) scan of the abdomen, thorax, and pelvis.[@CIT0001],[@CIT0002] The most common sites of metastatic spread are the liver and regional lymph nodes, followed by the lung and bone.[@CIT0001],[@CIT0003] Rectal neuroendocrine tumors (NETs) represent 2% of all rectal tumors, and among these only 5% are bigger than 20 mm[@CIT0004] Moreover, poorly differentiated rectal NETs represent 12% of all poorly differentiated gastro-entero-pancreatic NETs, therefore rectal HGNECs are very rare.[@CIT0004],[@CIT0005] They are very aggressive and almost always metastatic at presentation.[@CIT0006] These features require that an accurate diagnosis should be as rapid as possible for the best management of the patient.

The probe-based confocal laser endomicroscopy (pCLE) system is a highly enhanced endoscopic technique that provides high quality imaging of the tissue, with a resolution of approximately 1 micron of the mucosal layer.[@CIT0007],[@CIT0008] The main clinical application for which pCLE was developed includes the real-time histopathological diagnosis of GI lesions.[@CIT0009],[@CIT0010] However, in recent years, additional potential application has been demonstrated to record vascular changes and alterations, offering the possibility to obtain information on the morphological and functional characteristics of GI tumor vessels in real time.[@CIT0011],[@CIT0012]

Here we describe for the first time, the use of pCLE as a powerful diagnostic technique in an HGNEC patient.

Case report {#S0002}
===========

Endoscopy procedures and pCLE analyses {#S0002-S2001}
--------------------------------------

pCLE analyses were carried out with GastroFlex UHD probe (Cellvizio, Mauna Kea Technology, Paris, France) during colonoscopy (Olympus series 180, Olympus Corporation, Tokyo, Japan) and immediately before endoscopic ultrasonography (Olympus series 160), as previously described.[@CIT0012] Images and sequences of the normal and neoplastic mucosa were taken and the conventional bioptic samples obtained with macrobiopsy (COOK Medical, Ireland) at the end of examination. Images were recorded within the first 10 minutes following intravenous injection of fluorescein (5 mL of a 10% solution). By using intravenously administered fluorescein sodium,[@CIT0013] images of colonic mucosa as well as vascular network can be clearly detected and high video quality with a direct visualization on a single erythrocyte scale easily provided. pCLE recordings were performed for at least 3 minutes. The mucosal architecture, vessel morphology, and the efficiency of the blood flow were evaluated. The images were digitally stored and independently reviewed with the dedicated software package (Cellvizio Viewer, Mauna Kea Technologies) by the endoscopist who performed pCLE, by another expert endoscopist, and by a single investigator who was blinded to any clinical, endoscopic, or histopathological information. The evaluation was considered valid if all three investigators were concordant.

By using the pCLE system it is possible to discriminate the typical aberrant features characterizing the tumor-associated blood vessels. The vascular architecture of all the vessels is generally abnormal, being mostly represented by enlarged, distorted, and highly permeable microvessels with altered erythrocyte flow. Based on these observations, we have generated an "angiogenic score" ranging from 0 (normal vasculature) to 4 (extremely aberrant and non-functional vasculature). The angiogenic score was assigned on the basis of the presence of tortuous and large-sized vessels, the vessels' leakage, and the presence of defective flow as previously described[@CIT0012]

Presenting concerns {#S0002-S2002}
-------------------

A 72-year old man presented with abdominal pain, alternated diarrhea and constipation, fatigue, weight loss, and discomfort in the last 2 months and positive hemoccult. He had no other systemic diseases, no family history of cancer, and physical examination was negative.

Clinical findings {#S0002-S2003}
-----------------

A colonoscopic evaluation showed an 8 cm diameter non-circumferential raised lesion at rectum with superficial necrosis ([Figure 1A](#F0001){ref-type="fig"}). During the same session the patient underwent endoscopic ultrasound which showed a rectal neoplasm which was hypoechoic, inhomogeneous with anechoic areas infiltrating all parietal layers and with the absence of peri-rectal lymphadenopathy ([Figure 1B](#F0001){ref-type="fig"}). pCLE recording was also performed during the same session resulting in a real-time imaging of more than 2,000 frames off-line analyzed. We also obtained, by video mosaicing function provided by the software (Cellvizio Viewer), the reconstruction of tissue panoramas. The principal feature of the altered mucosal architecture detectable by pCLE was the presence of a huge amount of small cells ([Figure 2A](#F0002){ref-type="fig"}, a, a'), a typical and very peculiar cellular pattern for HGNEC.[@CIT0001],[@CIT0002] The vasculature pattern well defined and resolved by pCLE allowed us to describe for the first time, the characteristic alterations found in an HGNEC blood network ([Figure 2](#F0002){ref-type="fig"}), showing a prominent high vessel density referring to a 4 score according to angiogenesis score described by Spessotto et al.[@CIT0011],[@CIT0012] The most frequent and represented vascular anomaly was the presence of large vessels with defects in blood flow. In the supplementary [Videos S1](https://youtu.be/96ihN1tsqgk), above all, the presence of enlarged vessels can be appreciated; in addition, the sequences of [Videos S2](https://youtu.be/4a6kOg4G0Q0) clearly document slowing down of blood flow. Another example of defective flow is reported in [Videos S3](https://youtu.be/QRd84d1b_vo). We also observed the abundance of very irregular, tortuous, and dilated vessels, with no orientation to adjunct tissue and some regions of leakage indicating high vessel permeability ([Figure 2D](#F0002){ref-type="fig"} and [Videos S1](https://youtu.be/96ihN1tsqgk) and [S2](https://youtu.be/4a6kOg4G0Q0)). This pattern was quite different from poorly differentiated adenocarcinomas (PDA) where tissues appear darker, very irregular, even if glandular structures can still be recognized ([Figure 2B](#F0002){ref-type="fig"}, b, b' and [Figure 2C](#F0002){ref-type="fig"}, c). PDA patients generally display an angiogenesis score of 3. We evaluated five PDA patients who did not display aberrations in blood flow (data not shown).Figure 1Rectal HGNEC endoscopic (**A**) and EUS (**B**) views. (**B**) Tumor mass is highlighted by white dotted line.**Abbreviations:** HGNEC, high grade neuroendocrine rectal carcinoma; EUS, endoscopic ultrasound.Figure 2Mosaic reconstructions (**A, B**, and **C**) and images (a, a', b, b', and c) obtained with pCLE in HGNEC (**A**, a and a') and in two poorly differentiated adenocarcinoma patients (**B**, b, b' and **C**, c). The neoplastic mucosa in the HGNEC patient is irregular. The well defined and resolved cellular architecture allows the recognition of a small cell type pattern. The other two patients displayed highly irregular mucosa but small cell type pattern was not observed. Areas with very dark epithelium were more evident in poorly differentiated adenocarcinoma samples than in HGNEC. Glandular structure was detectable in poorly differentiated adenocarcinoma (b). (**D**) Vascular pattern in HGNEC patient. Dilated, large vessels were easily detectable in highly vascularized areas (a--f). These vessels are often characterized by defective blood flow. Leakage (g) and tortuous vascular structures (h) were present.**Abbreviations:** HGNEC, high grade neuroendocrine rectal carcinoma; pCLE, probe-based confocal laser endomicroscopy.

The positive staining for both chromogranin and synaptophisin markers revealed by immunohistochemistry confirmed the diagnosis of neuroendocrine carcinoma ([Figure 3](#F0003){ref-type="fig"}). Abdominal CT scan showed an increased liver size with multiple disseminated hypodense lesions, and lymph nodes at celiac and lombo-aortic region. Moreover, lower abdominal CT showed a solid and concentric thickening at sigma-rectum junction in pre-sacral region ([Figure 4A](#F0004){ref-type="fig"}). CT/PET scan confirmed multiple liver metastases, the presence of lymph nodes at celiac, lombo-aortic, and hepatic hilum region and showed significant 18-F fluorodeoxyglucose uptake at vertebral column, shoulder blades, chest and hip bone ([Figure 4B](#F0004){ref-type="fig"}). Platinum-based chemotherapy, the best option for disease control in this metastatic setting, was promptly started.Figure 3Histopathological examination of the HGNEC patient. Representative images of H&E staining (**A**) and of immunostaining of keratin (**B**), chromogranin A (**C**), and synaptophysin (**D**). Scale bar =100 µm.**Abbreviation:** HGNEC, high grade neuroendocrine rectal carcinoma.Figure 4HGNEC CT scan (**A**) and CT PET (**B**) showed rectal tumor and liver metastases.**Abbreviations:** HGNEC, high grade neuroendocrine rectal carcinoma; CT, computed tomography; PET, positron emission tomography.

Discussion {#S0003}
==========

HGNECs constitute a series of aggressive malignancies. Colorectal HGNECs are a rare histological subtype, with poor prognosis, of colorectal cancer which were described for the first time by Clery et al in 1962. They account for \<1% of all tumors of the large intestine.[@CIT0014],[@CIT0015] Because of the rarity, histological heterogeneity, and the poor prognosis, it is crucial to have a valid and rapid method for a proper diagnosis.

In this report we described a case of HGNEC analyzed for the first time, also with the pCLE system. The potential role of pCLE has been demonstrated in different pathologic conditions of the GI tract.[@CIT0009],[@CIT0010] Considering the prognostic implications, the possibility of diagnosing pre-malignant and malignant lesions through pCLE system can be very useful. Accurate diagnosis and staging are essential for therapeutic planning, particularly for aggressive tumors. All the studies performed with pCLE revealed the clinical usefulness and predictive power for in vivo diagnosis.[@CIT0012],[@CIT0016] In this case report we confirmed the usefulness of pCLE as a diagnostic method that also permits the discrimination of HGNECs from PDAs.

Although the innovative pCLE technology offers many advantages for clinical practice, the costs can limit its feasibility in the standard diagnostic procedure plan. Moreover, possible technical problems, such as bleeding during the endoscopic procedures, may impair image quality. This issue can be overcome by taking particular care to gently place the probe in contact with the tissue in order to avoid trauma. From an organizational set-up, the total endoscopic (endoscopy and pCLE) procedure obviously required a longer time than the standard method (only endoscopy) but also, this disadvantage could be of little significance considering the achievement of a real-time diagnosis. It should also be mentioned that the image interpretation obtained by pCLE recording requires an expert endoscopist fully trained in confocal endomicroscopy and tutorial meetings between endoscopists and blinded investigator discussing video sequences, images, and mosaicing pictures.

The finding that patient reported multiple liver metastasis is in accord with other studies describing colorectal HGNECs with metastatic disease, particularly in the liver, which is the main site of metastases for GI HGNEC.[@CIT0005],[@CIT0017] Cisplatin plus etoposide is the most utilized regimen[@CIT0001]

In conclusion and in our hands, pCLE represents a helpful tool for in vivo HGNEC diagnosis, allowing prompt and careful management of the patient. Obviously, to become solid and highly accurate, this technique should be performed on a group of HGNEC patients. In the absence of other cases enrolled in this study, since this type of tumor is extremely rare, especially in the rectum,[@CIT0004] at the moment we only suggest some pCLE criteria for the HGNEC evaluation. These deal with the presence of a huge amount of small cells and highly altered vasculature. Anyway, it should be retained that the innovative pCLE approach can improve the diagnostic accuracy and accomplish optimal clinical management of HGNEC patients.
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